As constant hypoxaemia itself may trigger development Arterial hypoxaemia is common as a constant or episodic phenomenon in the postanaesthesia recovery room [ 1 ] and in the surgical ward [2, 3] after major abdominal or orthopaedic surgery. Episodic hypoxaemia is more frequent on the second than on the first night after operation [2, 4] . Our preliminary findings suggest that episodic nocturnal postoperative hypoxaemia may be related to increased cardiac demands [2, 4] , and occurs despite oxygen therapy [2] . As constant hypoxaemia itself may trigger the development of apnoea and periodic breathing [5], we have examined the effect of oxygen therapy on the occurrence and severity of late postoperative episodic and constant hypoxaemia on the second night after hip surgery.
Arterial hypoxaemia is common as a constant or episodic phenomenon in the postanaesthesia recovery room [ 1 ] and in the surgical ward [2, 3] after major abdominal or orthopaedic surgery. Episodic hypoxaemia is more frequent on the second than on the first night after operation [2, 4] . Our preliminary findings suggest that episodic nocturnal postoperative hypoxaemia may be related to increased cardiac demands [2, 4] , and occurs despite oxygen therapy [2] . As constant hypoxaemia itself may trigger the development of apnoea and periodic breathing [5] , we have examined the effect of oxygen therapy on the occurrence and severity of late postoperative episodic and constant hypoxaemia on the second night after hip surgery.
PATIENTS AND METHODS
The study was approved by the local Ethics Committee. We studied 40 consecutive patients undergoing elective total hip replacement (table I) . The patients received either 21 % or 37 % oxygen by Hudson mask on the second night after operation (23:00 to 07:00); no oxygen was given on the first night. Using a variable performance Hudson mask with a flow of oxygen 3 litre min" 1 and air 12 litre min" 1 , the oxygen concentration flowing into the mask is 37 %, but the effective oxygen concentration inspired by the patient may be less if inspiratory flow exceeds air flow, resulting in increased mixture with room air [6, 7] . We did not choose a Venturi mask partly because it is not the standard in our hospital and partly because it gives an unacceptable audible noise [8] . Oxygen saturation was measured and stored in the internal memory of a Nellcor N-200 (software version 2.7) pulse oximeter using an adhesive finger probe [9] , with subsequent data printout on a chart recorder. The oximeter memory stores up to 12 h of oxygen saturation data, sampled once every 1 s and averaged every 5 s. The pulse oximetry printouts were analysed for mean all-night oxygen saturation by estimating average values for every 15-min period throughout the recording, followed by averaging of all the periods. Sudden hypoxaemia was denned as a decrease in oxygen saturation of 5 % or more within 2 min. These desaturations were classified into those with an endpoint equal to or greater than 80 % oxygen saturation and those with an end-point less than 80%. Minimum oxygen saturation was defined as the minimum single value for oxygen saturation obtained during the study.
The study was a controlled, randomized (by envelope), double-blind design (patient blind to oxygen regimen during the treatment period, and observer blind to oxygen regimen during data analysis). Exclusion criteria included pre-existing symptoms of neurological, cardiac or respiratory disease, including excessive daytime sleepiness. Data were excluded from analysis if the patient had worn the mask for less than 7 h of the 8-h observation 
18 (2-286) 5(0-37) 0(0-1) 0 < P < 24 -2 <P< 12 0 < P < 0 period, and if less than 7 h of pulse oximetry data were obtained on the observation night (because of accidental oximeter disconnection, etc.). The nursing staff maintained records of the mask position on an hourly basis throughout the night. All patients received diazepam 5-10 mg for premedication; anaesthesia was induced and maintained with thiopentone, midazolam, fentanyl, suxamethonium, pancuronium and nitrous oxide in oxygen. Postoperative analgesia comprised morphine or ketobemidone 5-10 mg i.m. on demand; opioid administration was monitored for the first 48 h after surgery. Sedative drugs were not allowed in the postoperative period.
Data were analysed using the Mann-Whitney test, Fisher exact test and Spearman's rank correlation test as appropriate. The level of significance was P < 0.05.
RESULTS
Data from two of the 40 patients studied were excluded because of displacement of the oxygen mask for more than 1 h of the night, and in three patients data were missing; thus there were data from 35 patients for analyses.
The two patient groups were comparable in weight, height and age, and intraoperative and postoperative variables other than oximetry data (table I). The group receiving 37 % oxygen treatment had less constant hypoxaemia than the group receiving 21 % oxygen treatment (P < 0.01) (table  II) . There was no difference between groups in the total number of sudden decreases in oxygen saturation (ns) and number of events lasting less than 1 min, 1-5 min and more than 5 min (ns). Figure 1 shows the changes in oxygen saturation in a patient receiving 37 % oxygen. Six patients in group 1 and five patients in group 2 had more than five episodes of sudden desaturation per hour of monitoring. For all patients (n = 35), we found a statistically significant but weak correlation between the mean oxygen saturation and the total number of hypox- aemic episodes (r s =-0.62, P < 0.001) ( fig. 2 ).
There was no correlation between amount of opioid used in the 24-h period before the observation night and the number of sudden desaturations (ns). Only eight of the 35 patients received opioid injections during the study night. The influence of opioid analgesics on late postoperative episodic hypoxaemia in these eight patients is shown in table III. Three patients did not receive any analgesics during the entire postoperative period, but quality of analgesia was not monitored. DISCUSSION We have found that, whilst postoperative oxygen therapy increased mean oxygen saturation, it did not alter the occurrence of sudden episodes of desaturation.
For practical reasons we did not choose to monitor a preoperative night, therefore we may have overlooked patients suffering from sleep apnoea syndrome before surgery, although none reported increased daytime sleepiness before operation. Nevertheless, the results showed that the incidence of severely disordered breathing was comparable in the two groups: six patients in group 1 and five patients in group 2 had more than five episodes of sudden desaturation per hour of monitoring. Furthermore, our study resembles the clinical situation in which no preoperative monitoring is performed and postoperative oxygen therapy is prescribed in order to reduce the incidence of hypoxaemia.
Earlier studies have suggested a detrimental effect of postoperative morphine analgesia on ventilatory pattern. After upper abdominal surgery the amount of opioid has been shown to correlate with the degree of respiratory depression [12] , and i.v. morphine has been shown to produce a greater number of incidents of apnoea and episodic hypoxaemia compared with extradural local anaesthetic techniques [1, 13] . The present study did not confirm these findings. As demonstrated in table III, only eight of the 35 patients received opioids during the study night. In four of these eight patients there was no episode of hypoxaemia after the injections, and in the remaining four patients there was no constant pattern of distribution of the episodes of hypoxaemia before and after the opioid injections. Furthermore, there was no statistically significant overall correlation between the amount of opioid used in the period 24 h before the study night and the number of sudden desaturations. Thus the effect of i.m. morphine analgesia on the development of late postoperative episodic hypoxaemia is still unclear.
There is increasing evidence that the development of episodic hypoxaemia may be triggered by constant hypoxaemia itself. Thus periodic breathing is well documented during sleep at high altitude [14, 15] . The respiratory pauses during sleep at high altitude are presumably of central origin; they are not associated usually with snoring or any other suggestion of obstruction and are accompanied by absence of rib cage and abdominal activity [5] . This respiratory arrhythmia seems to arise from the combination of hypocapnia, which decreases respiratory drive, hypoxaemia, which stimulates the termination of apnoea and the occurrence of hyperpnoea with consequent hypocapnia, leading to perpetuation of periodicity [5] . However, the basic physiological mechanism remains to be clarified [15] . Our finding of a significant but weak correlation between degree of constant hypoxaemia and occurrence of episodic hypoxaemia may support the findings in the high altitude studies. However, the correlation may be partly explained by the calculated (non-mechanistic) reduction in mean saturation by episodes of hypoxaemia. Furthermore, we do not know if episodes of postoperative hypoxaemia were accompanied by changes in Pco 2 , and the type of ventilatory disturbance preceding hypoxaemia has not been clarified. In the early postoperative period, the ventilatory disturbance preceding the episodes of hypoxaemia may be almost exclusively obstructive [1] , whereas our own preliminary observations [unpublished] suggest that episodic hypoxaemia in the late postoperative period may be caused by different mechanisms such as central, obstructive and mixed apnoeas, hypopnoeas and periodic breathing. However, as there was no significant difference between the two groups of patients in the amount and duration of episodic hypoxaemia, it is obvious that mechanisms other than the level of constant hypoxaemia are involved in the development of episodic hypoxaemia in the late postoperative period. Thus the basic mechanism leading to episodic hypoxaemia is not radically changed with oxygen therapy.
Constant hypoxaemia may be present for up to 1 week after major surgery [16, 17] . Systematic studies on the effectiveness of oxygen therapy in this late postoperative period have not been published. Constant hypoxaemia may be improved by oxygen therapy with 35 % oxygen delivered by face mask on the day after operation [18] , but the hypoxaemia returns when the oxygen therapy is discontinued [19] . Only one study has previously evaluated the effect of oxygen therapy on the occurrence of episodic hypoxaemia [20] . The results showed that administration of 28 % oxygen by face mask in the first 12 h after operation abolished the sudden decreases in oxygen saturation but did not prevent the occurrence of apnoeas [20] . The present study, performed in the late postoperative period, failed to show any effect of oxygen therapy on the development of episodic hypoxaemia, while the level of constant hypoxaemia was, not unexpectedly, improved. The reason for the differing results may be a greater effect of an apnoea on arterial oxygen saturation in the late postoperative period when lung volumes are smaller than early after surgery [21] , as it has been shown previously that apnoea produces a lesser end-point of arterial oxygen saturation if initial lung volume is smaller [22] .
There is concern that nocturnal oxygen therapy may increase the duration of apnoea (but not the number of apnoeas), thereby leading to respiratory acidosis in patients with diseases featuring nocturnal hypoxaemia such as sleep apnoea syndromes, congestive heart failure or chronic obstructive pulmonary disease [23] [24] [25] (although intermittent respiratory acidosis in the surgical patient is not necessarily detrimental, as peripheral oxygen delivery may be improved [26] ). Studies in patients with sleep apnoea syndrome have shown that short term oxygen therapy (one night) produces a slight prolongation of mean apnoea duration, but improves mean oxygen saturation [23] . Oxygen therapy in heart failure and obstructive pulmonary disease may increase mean nocturnal oxygen saturation and reduce the number of apnoeas [24] and number of desaturations [25] . However, the present study failed to show any effect of oxygen therapy on the duration and the number of the sudden desaturations in the surgical setting.
We have shown, not surprisingly, that late postoperative nocturnal constant hypoxaemia may be improved with oxygen therapy. Constant hypoxaemia may correlate with local subcutaneous oxygen tension in elective surgical patients [27] and may subsequently reduce synthesis of collagen in the surgical wound [28] and reduce resistance to bacterial wound infections [29] . Furthermore, constant hypoxaemia and episodic changes in oxygen saturation may contribute to development of postoperative myocardial ischaemia and infarction [4, 30] . Therefore, oxygen therapy may be of major importance for patient care in both the early and later postoperative periods. However, the level of endangering hypoxaemia still has to be settled for different kinds of surgery and in different patient categories, and studies on possible therapeutic measures against the postoperative ventilatory dysfunction are needed to rationalize postoperative oxygen therapy.
